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Where Have All the Moderators  Cone?:

The Perils of Type II Error 
I

Moderated regression analysis has been used in psychological research

since i ts  p resen ta t ion  by Saunders (1956) . This techn i que  assesses the

inf luence  of a third var iab le , called a moderator , on the  re la tlenship

between two other  var iab les .  Kn ow led ge of the level of the modera tor

var iable  provides in fo rma t ion  about ti-ic s t r eng th  of the r e l a t ionsh ip between

the o ther  two v a r i ab l e s . In his cxp ] -i c at ion  of the procedure , Saunders

pointed out  tha t a m o der a t or  e f t e c t  will m an i f e s t  i t se l f  as a r e l at i o n s h ip

between t i le  d e p e n d e n t  var ia b le and the cross p roduc t  of the 4 nd ep endent  and

modera to r  va riah le r . C o n c e p t ual l y ,  t h i s  is equ iva len t  to say ing t ha t  the

re la t ionsh ip between the  dependen t  and i ndependent  var i ab le s  is in f luenced

by the mod~~r ato r  var~ ab1e.

The r e l a tionsh ip thus  descr ibed  allows the p o s t u lat i o n  of in d i v i d u a l

d i f f e r e n c e s  in thc: r e l a t i onsh ip s  l)etwecli  var iables , i . e . ,  one c o u l d  h yp o t he~~izc

that  t i-ic r e l a t i onsh i p be tw e en  two var iables  is s t ronger  for  i n div i d u a l:  who

are hi gh on a th i rd  c h a r act e r i s t i c  than for  i n d i v id u a l s  who are low on the

- th i rd  c h a r a c t e r i s t i c .  For examp l e , in  the original a r t i c l e  Saunders  (1956)

tested the hypothes is  t h a t  the rela t ionsh ip  between t ij e  Engineer  Scale  of the

Strong In te rest  B lank  ( i ndependen t  variable)  and the  grade point ,  average

(dependent  var iable)  of engineer ing  freshman is hi gher for  non—compu l s ive

(moderator variable)  s tuden t s  than fo r  compulsive s t u d e n t s .  This p at t er n

of in ter rc l a t io ns l i ip s  among variables has widespread  I l s cfuln ess  in model

b u i l d in g .  As s t a ted  by Saunders (1956) , “The class of s i t u a t i o n s  in w h i c h

the ‘m o d c r i t c d  m u l t i ple re~~res ion ’ mi~,h t  be p r o fit  sbly s t u di e d  c - i n  be mide

A
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quite large , and can be seen to include a number of s i t ua t ions  of potent ia l

practical  s i gn i f i co n c e ” (p. 210) .

The concept of modera tors  has been u t i l i zed  in  a number of subsequent

theories and modera ted  r e gr t a r ; i on  has been emp i r i c a l ly invest igated in a

var ie ty  of s e t t i n gs . ‘IlL ( s teps of the  t r a d i t i o n a l  procedure  fo r  empi r i ca l ly

determining the existence of a moderator effect- are presented by Zedeck (1971).

“The corre la t ions, slop es , and standard error of estimates should he examined

for the f o l l owi n g  three  regress ion cqciations :

y a + bx , [1

y a + b 1
x + b

2
z [2

where z is the Iu~~~ntial IluIL- rato r bu t  is t r e a t . d  uS an independen t  p r e dJ c t o r ,

and

y a + b 1x + 1
2
7. + b

3xz [3

(tooder ~1ted re~~I- e~;s ~r ul e q u a t i o n ) .  If equa t ions  2 and 3 are s i g n i f i c a n t l y  d i f f e r e n t

f rom e q uat io n  1 , b u t  not f r o m  each o t h e r , then Lb var iab le  is an in d ep end en t

predictor ~nd not  a rio(l~ rat ill: variable ” (Zedeck , 1971 , p.  304) . These suggested

steps have been f ol l  owc ’d wher ever a m o d e r at e d  regress ion  ana lys i s  has been

conduc ted .  Cnhem (1968) and Cohen and Cohen (1q75) show that mode a tcd

regress ion is on c o n cep t u a l i z a t i o n  of an i n t e r act i o n  e f f e c t  lfl the  general

l inea r  mode.l . They ck’seribe a h i e r a r c h ic a l  ana l ysis  for  assessing the existence

of an i n t e r a c t io n  t h a t  is equ iva lent  to  the procedure o u t l i ne d  above , i .e . ,  one

fir st  det e r min e s  the squar ed  m u l t i p le  c o r r e lat i o n  c o e f f i c i e n t (112 ) for  model

2 and then de te rmines  the Increment in 112 caused by adding the i n t e r a c t i o n  term

in model 3. The increment ’ is then tested for  s t a t i s t i c a l  s i g n i f i can c e , using . -

model 3 error mean square .
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In this h ie rarch ica l  t r ea tmen t , the moderator  e f f e c t  must  account for

dependent var iable  var iance  beyond that  accounted  ‘for  by the  m a i n  e f f e c t s  alone .

The main e f f e c t s  are , thus , give.~ a p re fe ren t i a l  c l a i m  to any covariance  that  is

shared by main e f f e c t s  and the  modera tor  e f f e c t .  Such p re fe rence  may be

unreasonable under  the cond i t ions  tha t  genera l ly hold when a moderated regression

ana lys i s  is conduc t ed .  The moderated regress ion  a n a l y s i s  is usua l ly  done onl y

If there is some theoretical basis to suspect  the presence of a modera to r

e f f e c t .  ~If such is the case , the researcher s h o u l d  a t t e m p t  to use an anal ysis

wi th  reasonable  s t a t i s t i c a l  power , i . e . ,  the p r o bab i l i t y  of d i scover ing  an

existing hyp o th esi z c~1 ( ‘f l e e t .  This ar t i c l e  w i l l  demons t r a t e  tha t  t r a d i t i o n a l

modera ted  r egression ~n a i gn I.: pr~~cedur e , on t h e  contrary , enhanc .a~ the

possibi l i ty of type  II error , i . e .  , the  f a i l u re  to re ogni:1c the presence  of an

exist ing e f f e c t .
p .

This su b t l e  h u t  c.r i t ica l  f l aw in  the  t r~1d I t i  n i a l  anal ysis p r o ced u re  can

exp la in  wh y the  r - r t i l  Is oF modernt 1 rcgrc ss.i on an a l yses led  Zedec~-. ( 1 9 7 1 )  to

s tat e  “In genera l , P iode r , lt c d  rec ’a r r i o n  has not ,  lcet n s i i c c c a s fu i  in l i l p r e V i l l g

‘I pred I ctiona ’ (p.  302) .  Competit [VI demands  fo journal spa ce and tile’ tendcncicu

of researcher s  to repor t  en I y ci in i f I Cant f i n d s  a l l  ‘ n-i s rp c’ c~c l  at  Ion t h a t  14~n f l V

i n s t an c es of f a i l u r e  to find mcdi- r;i I ed regress [01 i)ave gone u n r e p o r t e d  . These

fa i l u r e s  to d i s c o v e r  n o d c r n t o r  e f fe c t s  and the dI~ nppoin t i n g  clecracteristics

of those c f fe c ,t s  t ha t  have 1,c’uii f ou n d  r e s u l t  f rom t h e  f e a t  1 1 1 1 - 5  of the  t r a d i t i o na l

analysis  p r o c ed u r e  tha t  are demonst rated in the  data  hel  u ’’ .

Among the r epor t ed  s tudies  t h a t  have used modera ted  r egress ion  a n a ly s i s ,

the r e s u l t s  h ave been qti t e :ir .c i i  ar  bu t  t h e  conci  I lsions  d r awn  from t hem have

changed from one stud y to another. Invest  i g.~tor s hav e 1)ns( ’d th i ’ i r conci u si  ens

on two s t a t i s t .  i t ’ n l  c h ar a c ter i s t i cs  of the 1lIoc1 ( ’r ;c! , -~d r e l a t i o nsh i p — — t h e  s t a t i s t i c a l
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signif ican ce of the increment due to the interaction term and the size of the

increment.  I .

Requirement of S t a t i s t i c a l. Si~ pi f icance

As examp le- s of the modera ted  regression analysis procedure , Saunders (1956)

presented three se t s  of d a t a .  In his f i r s t  examp le , onl y one modera tor  e f f e c t

was investigated. The increment in R~ was .013 , not si g n i f i c a n t .  A second

set of ’ analyses tested the moderator  e f f e c t s  of ten po ten t i a l  modera to r s .  In

this  case , the  i ncremen t s  ra nged from zero to .025 wit I l  th ree  of the  ten

reach ing  the .05 l evel of s i g ni f i c a n c e .  Ill s third set of demonstration data

t e s t ed  S t ’ V t fl p o t e n t ia l  m o d e r a t o r  e f f c e t~~. The i n c rem e n t s  ranged f rom zero to

.017 w i t h  one of the e f fe c t s  si g n i fi c an t  a t  the  .01 l evel , lie conc luded  t h a t  a

v a r i a b l e  Was o p e r a t i n g  as a m ode ra to r  var iable  whenever the  increment reached

s i gn i f i a a ns e .

Jacobs and Solomon (in press)  : i lso concluded t h a t  a modera to r  e f f e c t  had

hee mi shown when the  in r i ’ ar e n t  was  St ; l t i s t i cn l l y si g n i f i ca n t .  In t he i r  case

11 or 12 mode ra to r  c f f c c r r .  were si gni f i~~~nt beyond the .05 level  •
2 The i n c r e m e nt s

in ,~2 ranged fr e~, .009 to . 1fl ~~. In both - i  the  Sa w c d c r s  (1956)  and .lacobs no d

So}e’ c ii ( in  pr e c  a )  s tU d t ( ’s  t h e  c r i t e r i on  for  conci c d  j og  t h a t  t her e  ic  a rco c e ratos

is the  one St -it ed by Zcde ’c  I . ,  Cranny , Vale , and iLl Lb (1971 . ) , “Presence of a

moder ato r  is t bu s  i n d ic a t e d  by the form of the e q u a t i o n , s~ c ’ i  f i s a l l y  b y the

s i g ni f i c a n c e  of ( ‘ ross—product  terms ” (p. 239).

c e i ~~~~~~~i S i ,’h 10 1 ncr (-1 erl t

Stone (1976) .‘incl Stone , Mowda y ,  and Por te r  ( I n  press) drew a different

conclus ion f r o ,i l u l l I ar res~i l t s .  Stone (1976 ) showed an inc rement  in 112 of

.016 s ign i f i c an t  at  the .00 1 l eve l .  W h i l e  acknowledging the statistica l

r .: 
/
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I
significance of the moderator effect , he went on to conclude from the size of

the increment  tha t  “the gain in  exp la in c ’d .  . .var iancc  is not marked when the...

interaction term is introduced into the multiple pred iction equation. The

practical significance.. .appears , ther efore , to be negli gible” (p. 163). In a

discussion of a f i n d i n g  of an increment in R2 of .019 , significant at the

• .01 level , Stone , Mowday , and Porter  (in press)  s t a t e  t hat  “ the d i f f e r e n c e

- :. between the t:wo mul t ip le cor re la t ions  ‘while s t a t is t i c a l l y s ig n i f i c a nt , . . . is

of neg l i g i b l e  size ’’ (p. 8) . in both of these cases t h e  a u th o r :,  i re ,’ t aken t i l e

size of the imic : rc : :en t  in R 2 as an index  of t h e  st r c i m ~ Ic of the  m a d er a to r  e f f e c t

If a 1nr ~’e increm ’ ’nL is a l e -g i t i m a t e  r equ l  re’o. - n t .  f or  dri wi mg ’ thm c ’ c o m m r l  05 l o t  that

a m o d er a t o r  should he a t t i .:1I: le  to , tl~~n c;~ can we ic I if ally i r - s e er a t e d  ~‘g 1 5 5 -  lou

analy i;is h as  ever pru duc’e~1 a 1cc~ t ( - r n t o r  cit ( - C t  t h a t  ~- ‘ns not  “ n c - l  l i ble .”

Fur ther , i f  the s’iae of  the i n c r em en t  in is t a k r i ~ as an  i t id  i at i n  c)f ti c’

s t ren g t h  of t i m e m(~d( . r r c t o r  ~ ffew’ i , the  i n i  f o r m i l y nod - ’ ; L  c f I ~~i t s  l i s t  l i r e - c  I a - r n

repor ted  in the  l i t  erc tu r e  w I r l i d  ar g i e t t s t  r cL ~~( ’ m ’ n t  e r  e f f e c t s  a m a  l i nt  isgar! I a n t

tools in sc i en t i  l i e  endeavors , i . e .  , CO fl c ( p t c m : c  1 d (  1 5  1 i f l (  i i :  lade ;.: di’r,’i t ’m’

e f f e c t s  could j u st  as wel l  d o  i. I t i m o m i t  t ies  . This a r t  i c i i  w i l l  a Y ; . 1 1 h st  t h e ’

4 size of time: increr.cclnt . in R 2 r a r l a c I t  be i nt e r p r et e d  i n  t h a t  f c m s h i  ‘ c .

• Tlmc r cr’:earc-h ma h - sled in I i i ’ s a r t i c l e -  ~..‘ : m . r c o m m s , i c t ’ - d  r i  t e a t ’  t i m e  c i i  i c i ’me’

of the t r a d i t I o na l  mo dern  t:ecl r t - g r c - a ~ i on  nn~’. iys is pr ‘ a  - 11115 cc for d s -ov - i I

modera t o r s .  The s t u d y c o n s i d t -  i -  whethe r  the e ’ x ’ I st c m a - e  or the  o i l  e n gt h  of

moderato r  e f f e c t s  is  a c c u r a te l y  r e f lec t e d  in the r (’aul I s  f ront  t ime  t i a d i t i o i e , i l

m o d e r a t e d  regression ana l ys i s .

Method

Data  Cc ’n or at ion

‘ In o rder  to simulate data on which to p e r f o r m  th ( ’  moder at ed  regression 

. 
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analysis using a Monte Carlo approach , r andom normal devia tes  were generated

according to the procedures of Box and Mul ler  ( 1 9 5 8 ) .  In all cases three

variables , x , z , and e were constructed for each-i synthetic “individual .”

Variable  x was t r ea ted  in subsequent analyses as t i m e  independent  var iable, z

was trea ted as the modcra toi  v a ri a b l e , and e was used as e r ro r .  The dependent

variable , y ,  was c on s t r u c t c ’d  a:; descr~ t c ad  i) elOW fo r  various  cases. Except

where it is noted ifl the de f i ni  t ions of t he  va r ious  cases given be low , x and

z ba ch :(‘~lrls 10 and s tandard  deviat ions i ~ ; c had a mean 0 and a s t a n d a r d

devia tion 1.

‘ 
Case One .  i n  the first, case ti-ic depend ent variable was constructed m’o as

to reprcac;it a situation r~ith a m o d e r a tor  cf f eet  am ~c1 e r r - c  n r a  The g e n a r ~~t i n g

m o d e l  was y — xx 4- 3. One’ bond i ’ d  samples , each \-: i m it 100 su b J e c t a , were

c o nst r u c t e d .  ‘lid s case ‘served as the  b a s ic  icroder at ci’ e f f e ct  Case , and  o th er

cacae ; \ - e r e  gere’i’n ted for cong: r I soc-i p u rp s c s  . in t he  add i L i ac ’ -a l cases  • c1

were made in t im e I armula for  g e n e r a t in g  t h e  dcp en dc ’nt  v nr i a t ’l c ’ .

Case ‘b- a . ‘lIt;- ’ second r u s e  rcpr”sc’atc; a sit i t  on w i t h  i.~ 
‘ c i t  r ’r u n r e l i a b i l i t y

in Lim e mc~~s c m r e n u - n t .  Thi a e f f e c t  was nc’comp l I shod Lv i n c ’ r e a c -  I ng t i c ’  - \‘5~~’l c  nrc ’ of

the e r ro r  term . ‘Ome s.-mrn e mode l  (y = x c-; + e) was used to  gera r at e  t i c ; ’  c lc ’per .d c n t

variable. For tim is case t h e  s L r . i i d a r d  c iev i at i  on of , t h e  error v a r i ab l e  5. ‘lk~e’nty

samp les , each with -1 00 subjects , were i c -ac-rated .

Case Three .  The thirci case’ a l s o  used t u e  has ic - model, (y = xx -1- e) t n ‘

crea te a dependent variable from a moderator effect . thu ike cases one .-cnd two ,

the i ndependen t  variable and the’ mode rator variable were constructed to be

corre l a ted . This r e i n ti o ns l i p v a r i e d  be cause  of samp le d i f f e r e n c e s  h e t w o cn  .46

and 1 .00 with a m e d ian  va lue  of .55. ~~en t y  samp le:; , each m.si th  100 sub jec t s . 
—

were generated . 

-~~~- - --~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Case Four . In the f o u r t h  ease the dependent variable was b u i ]  t on a l i n t- a r

ef f ec t s  model ra ther  than the interacting, moderator model . The g e n e r a t i n g

model was y = x + z + ( - , thus specif ying that y resulted from the addi t ive ’

combination of two u n r e l at e d  va r i ables  plus error . Again , 20 samp les of 100

subjects  were cons t ruc t ed .

Case Five’. The fifth case represents a situation with a dependent variable -

- - ‘ that is formed  f r o m  ci d i r e c t  e f f e c t  of the independent  variable p lus a moderator

effect plus error. The c o n s t r uc t i v e  fo rmu la  was y x + xz + e. There ’  wor e

20 samp les of 100 s u bj e c t s .

Case S i x .  In Li me f i c ’a l  case the dependent v a r i a b l e  is  simp ly  t i m e  indcpci ’c d n ; c t

variable plus error , and t h e  formula for generating th~ dependent var iab le  was

a’ y x + c. There we ’re 20 samples  of 100 sub jec t ’ s  each ,

Thb le I sumnmccari cc’s the da ta  Rener a ted for  i-lie s ix ca s e s .  ‘1k~o l ion ir ed

Inser t  Tab le  I About  Here

samp les m-?c rc-’ generated . The dep en d e n t  v a r i ; c b I  e, y ,  was cons I m e t  rd Ii I It’rcn t ly

in the samp les repr e-r-a - c u t i n g  the  s i x  d i f fe r e n t  CaseS.  Each rca-a’ r c c p v e c c c i c t c  a

- d i f f e r e n t  mode l  of u n der l y i n g  e f fe c t s  li-i cases one , two , and t I c c o C  t i m e

• d ependen t  v a r iab l e  r e s u l ts  f rom cc modera to r  e f f e c t  and r andom er ror . The

dependen t v a r iab l e  is an addi tive combina t i on of the l inea r e f f e c ts ~ t he

independen t , moderat:or , and e r ror  variable’s in case four  where there  is no

m o d e r a t o r  e f f e c t .  in case f i v e  a comb en a t io n  of a d i rec t  l inear e f f e c t  of t h e ’

independen t var i ab le  em n cl a moder ator  e f f e c t  (plus error)  dete rmine  the dependent

va r iab le .  F i n a l l y ,  case s ix  presents a dependent va ri ab le  tha t  is a sum of

the independent  va r i ab le ’  and error  with  no modera tor  e f f e c t .
I
’ 

-

~-- -
.,
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Data Analysis

In each sample the traditional moderated regression analysis was conducted

• to see if that procedure would “discover” moderator effects where they had been

-
‘ 

included in the model and would fail to ~discover” moderator effects where they

were not present.4 The increment in was determined in each sample as it

would be in the traditional moderated regression analysis to represent the

increase in predictability controlled by the moderator effect. The statistical

significance of that increment was then tested using

96SS
F (xz x,z)

ss (error ),
wher e the numerator  is ‘the error degrees of freedom times the sum of squares of

the moderator effect ~~yen the linear effects of the Independen t va r iable and

the moderato r var iable , ‘and the denominator is the sum of squares for error.5

Resu lts
I

~~~~~~~~~~~~~~~~~ f icance

As shown in Table 2, the moderator effect was “discovered” by a requirement

of statistical significance in Case 1 and Case 3. In both of those models all

Insert ‘1~ble 2 About Here

of the samp les pr ov ided an in cr eme n t in R 2 fo r the moderator  e f f e c t  that  was

beyond that  expected at the .05 level of sign i f icance . Though Case 2 and Case 5

also Included a moderator effect in the formula that generated the dependent

variable , the increment in R
2 did not reach statistically si gnificant size in

any of time samples of either of those cases. Case 2 differed from Case 1 

~~~~~~~~ ~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ———~~~~~~ —-~~ -‘ a- —~,- ,~, 
- 
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in that the error component was greater in Case 2, i.e., there was more

“ unreliability In the dependent variable. Case 5 differed from Case 1 by the

inclusion of a direct relationship between the independent and dependent

variables as well as time indirect , or moderated , relationship. The R
2 

increment

clue to the moderator was no~ significant in any of the samples of the cases

where the generating model did not ir~clude moderator effects , i.e., Case 4 am-id

- - - Case 6. -

Size of ‘the Increment  -

In all of the 200 samples the maximum incremen t in  B2 attributable to the

moderator effect was .032 in one of the samp les of Case 6. And there was not a

moderator effect in the generating model for the dependent varicible of Case 6!

The minimum incremen t of zero was attained in three of the  cases includ ing

Case 5 which involved a ‘moderator effect. in general , none of the samples ,

either with or without ac t u al  moderator effects , provided large increments in B2

Success of Modera tor s in ~~n — M o d er a t o r  Models

In the two cases where there is no moderator effect in the actual determina—

don of the dependent variable , Case 4 and Case 6, a compadson was made

between prediction by the moderator effect alone versus the true model. For

Case 4, prediction of y by x plus z (the true mode,)) provides a range of c o r r e l a —

tions over the 20 samples from .716 to .875 with a median correlation of .806,

If the prediction of y is by the moderator term xz, alone , the correlations

range from .708 to .869 with a median of .801. In other words , the moderator

model predicts the additive data nearly as well as does time additive model . In

two of the samples the multi plicat i ve correlation actually exceeded the additiv e-

corre la t ion .

‘ L

~

--

~

-

~
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For Case 6 the t rue  model does be t t er  than the moderator ter mi m at predic t ing

the dependent  v ar i a b l e .  When y is predicted from x alone ( the t rue model) the

corre la t ions  range fron t  .640 to .803 with  a median of .715 .  There is no over lap

- - 

‘ c  with  the cor re la t ions  using the in t e rac tion , xz , as the p red ic to r .  The modera to r

predic tion gives a range of ~orrel.ations from .359 to .619 with a median of

.505. 
-

Discussion

Using the traditional moderated regression analysis  procedures the

inf luence  of a modera to r  e f f e c t  was not  shown even when the dependent  va r i able

was cons t ruc ted  to include a sti-ong mode:ratur effect. Cases 1, 2, and 3 created

the dependent  variable  as a moderator effect p lus some random e r ro r .  Under

those conditions Case 2 with a large error component did not denmon strat:e

statistical significance for the modcrator effect , and all three of the cases

produced such small ‘incremne ’nt s in a t t r ibu tab le  to the modera tor  tha t  the

moderator effect could have been called negligible if the size of the increment

were interpreted as an indication of the strength of the  effect. In Case 5,

where the moderator influence is accompanied by bo th error and by a line ar

effect of the independent variable , ti-~ re ~-,‘as neither statistical significance

nor a sizable increment:. That is, even in situations strongly biased in

favor of discovering a moderator effect , i.e., a mod era tor e f f ect has been

used in the  creation of the dependent variable , the traditional moderated

regression analysis leads to the conclusion of “no mod era to r . ”

Wh y should such a result occur? Why should this analysis  be so prone to

overlook an effect that is in fact in the data? here are two influences that -

Increase time likelihood of t h i s  t ype II e r r o r .  -

I
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1. The h ierar chtcal  na ture  of the mul~~j~~e regression procedures

- 
- 

- robs the m o d e r at o r  term of covariance  wi th  the dependent variable.

The t radit ional  moderated regression analysis procedure f i r s t  regresses the

dependent var iable  on the linear e f f ec t s  of the independent variable and the

potential moderator variable. The interaction term is then regressed on only

the residual from that r~gression. The increment in R2 which is used to judge

both the existence and the s t rength of the moderator effect represents only ti m e

relat ion ship wi th  that part of the dependent variable variance that is unrelated

S 

~~~tcr --tke., t o  linear’ e f f e c t s .

Any covariance with  the é ne}e~~ v~ t,,i~ab1c that  is shared wi th  the l inear

e f f e c t s  is a u t o m a t i c a l l y assigned to the linear effects. This implies a

prefe rence for  the l inear e f f e c t s  that  is imp l ic i t ly a theoretical hypo thesis

of the generating effects that have produced the dependent variable . This

implied pr i ority of t i-m e main effects should be support-ed by the researcher ’s

theoretical understanding of t ime  r e lat i onsimi ps among the  va r iab les;  i t  cannot

be accepted simp ly because the hierarchical analysis has t r a d i t i o n a l  ~y proceed ed

in that direction . The orderin~~ of effects in the hierarchical regression

analysis is arbitrary . With appropriate theoretical justification the data

anal ys t can , as validly, f i r s t assess the vari ance att rib ut able to the mod era t or

e f f e c t , and then determine whether the main effects stake a significant and

sizable addi tion to the  variance accounted for . The point is, that time decision

of the order in which effects are assessed ‘is one that the researcher must

support  t heo re t i ca l l y .  Because the  order of the remova l of variance due to

ef f e c t s  is an expression of a theoret ical  p re fe rence , the invest iga tor  cannot

abnegate the responsibi l i ty  for thi , s decision on the grounds of t radi t ion . This

/

_  _



r~

. 

— - 

.

—_‘_ - 
-• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

12

decision requires, not just blind application of techniques , but scientific

judgment and justification .

2. The linear regression model is a robust method for accountinl

for variance.

Even if the prediction equation is an imperfect model of the process that generated

the data , the linear regression model can often capture a great deal of the

variance. The problem of using correlational procedures to assess the appro-

priateness of an hypothesized model has been discussed in the literature (All

& Abrahants, 1974; Birnhaum , 1973 , 1974; Rorer , 1974). Watson (1972) has

demonstrated that this same problem can occur in the analysis of variance .

— 
He showed that data generated from an interaction might be accounted for by

significant main effects leaving insignificant variance to he accounted for

by the interaction .

In a demonstration similar to the one presented in this article Rorer

(Nj te  1) used a linear regression model to replicate the decisions that- Jia4 been

made with several different decision strategies from constructed (synthesized)

data. Using 11 different decision strategies that included linear , curvilinear ,

confi~,,ural, sequential and categorical processes he was able to closely

approximate the decisions of the real functions with  a simple linear function .

Discu ssing a hierarchical process for drawing conclusions that is the same as
I

the hierarchIcal strategy of the traditional moderated regression analysis 
- 

-

he states , “These results indicate vividly that It is difficult to infer

nonlinearity , even when it exists” (p. 12). “These results show why the

search for moderator variables has been so fruitless , just as much as they

show why human judges have been unable to improve upon actuarial prediction

“7.

/ 
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by means of their purported ability to recognize and use patterned or unusual

relat ionships.  Even if such relationships exist , their incorporation into

the decision strategy , be it actu~rial or subjective , is not going to result

in much improvement over - the linear regression function in either case” (p. 13).

The linear regression model is robust enough to capture much of the predictable

variance of a dependent variable even if that dependent variable sprang from

other than l inear o r ig in s .

The cr i t ical  d i s t i nc t i on  for  the problem addressed in this  paper  is the

d i f f e r e n c e  between science and a p p l i c a t i o n .  If a research has onl y the  app l ied

purpose of de te rmin ing  or d cm om m s t r a t i n g  how var iance can be accoun t e d  fo r , a

s t a t i s t i ca l  da ta  ana lys i s  can provide answers .  However , if the  research has

the er ie n t i fi c  purpose  of d i scover ing  or c o n f i r m i n g  an u n d e r l y i n g  model or

g e n e rat i ng  process t hat  produced the da ta , then t r a d i t i o n a l  modera ted  regression

J . a na ly s i s  is i n a d e q u a t e  fo r  the task . The s c i e n ti f i c  ques t ion  nn~ y be answered

in part by a data analysis if the resulits demonstrate that a model is incompatible

with  the da t a , bitt the d a ta  an a l y s i s  cannot  choose b et w ee n  a l t e r nat i v e  mode l s  —

that  a l l  f i t  the d a t a .  For example , if y is p r e d i c t e d  equa l ly uc li  by x + z

and by xz , the da t a  anal ysis is neut cal to choice. The selection of one -

model over the o ther  rests  with the r a t i o n a l  ~c ient if ic  jud gment and preference

of the researcher,

There are viable theoretical contents that may lead a researcher to

support a moderator effect as the correct model for hisfhmer data . In his

presentation of the moderated regression analysis Saunders (1956) proposed

examples where a moderator effect was conceptual iy supportable. He included

such examp les as using insigh t as a moderator of the relationship between self

/

I .
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reports and more objective smeasures of personality traits and using emotional

stability as a moderator of the r elat ionship bet ween academic ab i l i ty  measures

and academic success. Another in te rac t ive  model tha t  has been presented with

elaborate theoretical justifications is expectancy theory (Staw, 1976; Vroom ,

1964). Researchers in that area are likely to choose the multi p licative

- 

- 

~
‘ expectancy model for explanatory use even when an additive model is equally

successful at accounting for variance. Their preference would be based on

-

‘ 
the rational dep iction of time relationship among the variables that is afforded

by the expectancy theory . Blood (1977) presents a model of the operation

of the cognitive process of self rewarding on work performance. The model,

includes five variables acting as moderators. ‘The logic of in teractive

relationships is preferred for the model because of t i i~~ nature of the variables

involved . This theom ’etil’al preference is rationally justified .

The issue of theoretical parsimony is no t involveci in the choice be tween

a linear model and a moderator model . Whether  two main  e f f e c t s  or one in t c r —

ac tion e f f e ct is t i m e more pars imonious exp lanation is a matter of taste. Some

- ‘ peop le wi l l  prefer an additive model and other will elect the mmm l t ip l i cat iv e ,

bu t it is not clear that one is simpler than the other, in addition to which ,

• the pr inc ip le of parsimony is used to choose between theories when other

considerations are equal. If other considerations lead to its preference , one

may be jus ti f i ed  in choosing a less parsimonious model over a more parsimonio us

one. -

This leaves us with the important  task of s u g g e s t i n g  how a r esearcher

should proceed to assess the strength of a moderator effect, i t  there  arc

theoretical reasons to support a hypothesis of a moderator effect , the dependent

_, ,,, 1~ -

IJ±
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variable should be di r ect l y r eg ressed on the cross—product  of the independen t

variable and the potential moderator , 
-

y xz .  [4

Then if desired , time additional contribution of the main effects can be assessed

by determining the size and sigiui ficance of their incm: aL-n t  to the squared

multiple correlation. That is , time hieraechical regression procedure should

proceed in exactiy the reverse order from the t r a d i t i o na l  moderated regression

analysis procedure in those cases where a moderator effect i_s L!tcoretically —

justified (see Cohen and Cohen , 1975 for analysis procedures).

ihere may be sonic cases where  thi-ory w [i  1 suggest that the independent

variable w i l l  i n f l uen c e  the  dependent var jab Jo partl y t i tr ou g im a m a i n  e f f e c t and

par tly through a mod era ted effect (as imi Case 5) . In t ha t  event , a research er

may wish to assess the size and si g ni f i can ce  of t ime c o m b i n e d  m ain  and moder ator

e f f ec ts by ti-me regresslon of

— y = x + xz. [5

Should this analysis he used , caution should be exercised in interpret ~ng time

mul tiple correla tion \-.- L- i gh t s .  l iecause of coline ,-i rity influences these wil I not

indica te the relative contributions of the ma in and moderator effcct ; (see -

Dariington , 1968; Cohen and Cohen , 1975). -

A potential problem with these suggested procedures is that th ey  have

the possibii:ity of also encourag ing Type IT error. If a model is undc’rfit ,

t rue relat ionshi ps can go unde tec ted  due to o v e r e s t i m a t i o n  of the error term

(Johnston , 1972).  Variance tha t  is uni q u e l y  r e la ted  to the excluded va r i ab les

is added to the error var iance .  This means , fo r example , t h a t  i f  a model of

the form of [4 or [5 were used wlmcn the true ( bu t  unknown)  model is [3 , then

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _
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the real moderator effect could r &main  s t a t i s t i cal ly  ins ign i f i can t because of

this b i a s .  This problem exists whenever a hierarchical regression procedure

Is used and whenever the  model in use may have excluded a variable that

controls unique variance. This potential bias did not cause a problenm in the

presen t da ta , and it appears to be a less severe disturbance than the t r a d i t i o n a l ,

moderated regression analysis procedure. ‘ -

~~iatever the theoretical predispositions of the- i nvestigator , an anal y s i s

should be chosen such that it is possible to confirm it , i.e ., time analysis

should not virtually guarantee typo II error. The theory should guide the

a n a l y s is , not the r everse.  In the h i e rar ch i ca l  a n a l ysis t r a d i t i o n a ll y used to

discern mod era ted regr c en io n , it is not possible to rule out a moderator as a

genel-at ing  f a c t o r  fo r  ti -m e dependent variable by s ; l i n w i n g  t h a t  t u e  stain effects alone

can ac ( -oun t  for ir u;t~ of the variance . Thought lc- s~ I fe l l  ow ing  he t r a d i t i o na l

anal yt Ic pro cedures cannot replace time —rercise of scientifie judgirient based on

ca re fu l ly  drawn theory .

‘p 
- 

-
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Re fe rence  Note

I . Rorcr , L. C . A c i  r em,  i t  me;  ro ut  e t  ) u~~~I s t r .- m ~~p i m i g  st l i - e l  h i i ,  j , r , , e c ’d , , ,  i
- (Res - a r c i m  I b m i  l e l i m i  V u t  . 12 , No.  9 ) .  E u g e m m e , Ore .  Ore gon Rc~aj i h

I n s t i t  m i t e , 1 9 1 2 .

1- ’ - 

_ _ -~~~~~~~~~~~ ‘-~~~~~~~ - - - - -~~~-- -  -



___ . _. _. ._ ‘ _ _
~~ 

- - —.
‘ ~~~~~~~~~ 

- 
—— -..----- - — — W1.~~..1~~~~ r - . - - - -  - 

~~~~ 
—
, 

— -

S

- 

18

References

Aif , E. F. , & A b r n i i a : ims  
* 

N. M. le t~ ‘ s g ive  rim ~- dc ’vi 1 h i s  due : A response to
Bi r m ’ibaum . P sycho log ica l  Bu l letin , 197/-i , 81 , 72—73 .

Birnbaunm , M .  i t .  The dev i l  r i d es  again :  Cor re la t ion  as an index of fit.
sychoi~~~icai B u L l e t i n , 1973 , 79 , 239—242.

• Birnbaun, N. II. Rep ly to the devil  ‘a advoca tes :  Don ’ t confound model testing
and measurement. ~~~~~~o l c - i n l  ~ui1etin , 1974 , 81 , 854—859.

Blood ,
’ N. R. O m’g— ini zat i onal control of perf orma nce thro ugh self rewarding. In

K i n g ,  13 . T. , Si re ,.- m m f e r t , t .  S . ,  and Fiedh’r, F. E. (Eds.), Managerial
Con t rol and 0r n L ~: i t i o r : l D e r ~~~j ac~~. Washington , D. C. : Vic tor Wins ton
and Sons , 1977.

Box , C. F. P., & Muller , N. F. A note on the generation of random norma l
deviates. Annals of N a t I a n n t i c a i  S t a ti s t i c s , 1958 , 29 , 6 10— 61 1.

Cohen , J. Multipl e rc~’r eas’i, nii  as a general d a t a — a n a l y t i c  syst em . Psyc i loloF ica l
B u l l e ti n , 1968 , 70 , 426—433. 

-

Cohen , J. , & (k J m e n  , 1’ . A~ p ]i ed Pnhl ti }) l e regressi on/correlation ana iys~ s for
the b e h a vi o r a l  ~c i e n c c s .  HhL ]sclale , N. J. : Lawrence Erlba unm Associates ,
1975.

D ar l in g ton , R .  B. M u l t i p l e  regress ion in psycholog ical research and prac t ice .
Ps ho~,~j~~ca1 Bu l l et i n , 1968 , 69 , 161—182.

Jacobs , B . , & So loacmn , T. S tr a t  eg i.es for  the p r e d i c t i o n  of job p e r f o r m a n ce .
Journal_ of ~~~pp l ied_ Psychology , in press.  —

Johnston , J .  Econome t r i c_methods , 2nd ed.  New York : M c Gr aw— H i l l , 1972.

Rorcr , L. C. “What , can the dcvi i i  speake t rue?”  Psy cho log i.cal._B~~j e_tJ~~, 1974 ,
!.l_, 355—357.

Saunders , D. R. Moderator variables in prediction . E d u cat i o n a l  and P sycho i n g~ cn1
• 

- Measurement , 1956 , 1.6, 209—222. -

Staw , B. N. Instrinsic ‘and e x t rin s i c  motivation. Morristown , N. J.: General
Learning Press, 1975.

Stone , B. F. The mod erating effect of work—related values on the job scope—job
s a t i s fa c t i o n re l a t i o n sh i p.  Oi~~~n iz a t i o nn 1 Behavior and Human P e r f o r mnn c e ,
1976, 15, 147—167 . 

-

Stone, E. F., Mowday,  R . T . ,  & Porter , L. W. Hi gher—order  need s t ren g t h s  as
moderators of the  j ol) scope—job s a t i s f a c t i o n  r e l a t i o n s h i p.  Journal  of

~p~~Jed_Psyçhulogy , In press. -

- 

- -~~~ - - . ~~. -- - - -- 

-

-

/

- - - ~ —--- ~~ - --- ---



_ _ _ _ _ _ _ _ _ _ _ _  
__ 

.~~~~~~~~~~~~~~~
--

19

References (Con ’ t d .)  -

Vroorn , V. II . Wo rk and mot iva t ion . New York : WI ley , 1964.

Watson , .1 . S. We as~--css  law f u l  ; , b~ t Cod knows what the law is. P r o ceed i n g s
of t i m e  80t ii A n n u a l  Conv~- i i t i  ol mc- American Psycho ! og 1 cal  Association , 1972
7 , 139—1 40. (S mi nami ’ y )

Zedeck , S. Prohleo~ wi th the  use of “mode ra to r ” v a r i a b l e s .  y ch o l o g i c n l
B i m i l e t i n , 197 !, 76 , 295—310.

Zedeci< , S. , Cranny , C.  3.  , V a l e , C. A. , an d Smi t im , P. C. Compa rison of “jo int
moderators” in three prediction techniques. JournaL2.L~ppii

cd_ Psychology ,
1971 , 55 , 234—2/0.

- 
.

- -- - -~~~~~~ -~~~~- -~~~~~~- - -~~~~-~~~~~~~~~~~ _
_ . _i ’ ~~~~~~ _~~~~~~ _ _ _____~~~~~~~~ 



_ _ _ _ _ _ _  - - ~~‘ 
- -  

~~~~~~~~~~~~~~~

- 
20

l~oot m imitea

1Thi~ i n cr e m en t  is  c a l l e d  t i m e  squared c’~l i p a r t i . n l  c o r r e l a t i o n  c o e f f i c i e n t
by Cohen and  Cohen ( 1975)  a mi d  t i m e  ‘‘Us e f ul ne a s ’’ I nr lcx  by D;mr] 1 i m g t o f l  (1968)

l f e c i immsc  of i n t e m d e p c n d c n c i e s  amon g t i m e  v a r -iab l  es , these  ~‘er i no t  12
independent e f fe c t s .  .

‘ 3~ I- . -is impor t a m ,  I Ic ’ note t h a t  t i m e  d i  a ir  i b i m t i o n s  of I n d ep c ’n d en t  and
mode ra tor  var: i .abl es includ ed emil y posit1 \‘e n , m n m h c ’r s .  ‘ l i i i  s is usua l for soc I a
sc ience (h it s  . Because  O f  t I m e  ci of cons true Li on of y , the  rc’ u ]  Is wou l  d

• 

‘ 
be changed if x and z took on both  posit i \ e  and negative vs b -s.

4 i ’lme ou t  hors  w i s h  to i l m i n k  M ark  El i i  ot t  and 3u 1 Hi -eer f o r  t h e i r  hel p
w i t h  the d i  g e n e rat i o n  and analys i s  fo r  t h i s  s tudy  .

5Timis  is Il ici  swim of squ~ res fo r  er r o r  of th is  p r e m l i  e t i u l l  mod el  , not  sum
of squa res for  the ‘‘c’ t e r m m m  used in  g e n e r a t i n g  the  d ep e n d e n t  v a r i a b l e .

r
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Table I

Structure of the Simulated Samp les  -

Number of Subj ecU ; G e n e rat i n g  Sp e c i a l
Case ~~~~ p 1es per_ Sanm~~~~~~~_ F o rm u l a  

____ 
F e a t u r e s

1 100 100 y = x z + c

2 20 100 y xz + e Se = 5Sx 5Sz

3 
‘ 20 100 y = xz + e mdnr = .55

4 20 100 y = x + z + e

5 20 100 y x + x z + e

6 20 100 y x + e

/ .

_ _
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Tab l e  2

Resul ts  of T ra d it i o n a l  Modera ted  Re gr e ss iom i  Ana l ys is

- . 
Average N in imn tmn ,  Maximum In c r e m c nt s

- 
- 

l m m c r c ’m m m e n t  I mic remen t In c  r emmient  SI go I Ii ram i

Case in  ~~ in R 2 in R2 at  .0 5 levc - ]

1 .005 - .002 .009 100 of 100

-. - 2 
-~ 

- - 
.006 .001 

- - 

.022 
- - 

0 of 20

• 3 .006 .003 .010 20 of 20

4 ~004 .000 .015 0 of 20

5 .003 .000 .016 0 of 20

6 .008 .000 .032 0 of 20

4’ .

*

- 
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